Despite the growing body of evidence on the interaction between HIV and malaria in sub-Saharan Africa, there is a dearth of data on clinical malaria in HIV-infected patients in Nigeria. We determined the burden of clinical malaria in HIVinfected adult Nigerians and further investigated the association between their immunological status and the rates of clinical malaria. Ninety seven antiretroviral treatment-naïve HIV-infected adults were enrolled in a cross-sectional study from August to December, 2009. The participants had a complete clinical evaluation, thick and thin blood films for malaria parasites and CD4 cell count quantification. Clinical malaria was defined as having fever (temperature ≥ 37.5 o C or history of fever within 48 hours) and a malaria parasite density above the median value obtained for subjects with co-existing fever and parasitaemia. Clinical malaria was diagnosed in 10 out of 97 patients (10.3%). Lower CD4 cell counts were associated with increasing rates of clinical malaria which was 0% at CD4 cell count of ≥ 500, 2.6% at 200-499 and 30% at <200 cells/µL (χ 2 = 18.3, p = 0.0001). This association remained significant after controlling for other factors in a multivariate analysis (AOR=22.98, 95% C.I: 2.62-20.14, p = 0.005). An inverse relationship between CD4 cell count and parasite density was demonstrated (regression co-efficient = -0.001, p = 0.0002). More aggressive malaria control measures are highly needed in severely immunosuppressed HIV-infected patients.
Introduction
Sub-Saharan Africa with only about 10% of the world's population is home to 70% of all the people living with Human immunodeficiency virus (HIV) infection/the acquired immunodeficiency syndrome (AIDS) (UNAIDS, 2010). On the other hand, the WHO (2008) estimates that more than 80% of the global burden of malaria occurs in sub-Saharan Africa. Therefore, any interaction between the two infections is likely to have significant health consequences in the region especially in countries like Nigeria which currently has the highest malaria burden in sub-Saharan Africa and ranks top among the African nations plagued by HIV/AIDS (FMOH, 2005; WHO, 2008) .
The hallmark of HIV infection is progressive immunosuppression affecting both cellular and humoral responses. By far the most important event in the immunopathogenesis of HIV/AIDS is the depletion of CD4 T lymphocytes (Fauci, 1991) . In malaria endemic regions, with constant and repeated exposure to malaria infection, natural immunity gradually develops usually from childhood leading to reduced episodes of clinical malaria. The mechanism of malaria immunity requires activation of innate pathways including counter-regulatory cytokines followed by adequate T and B cell responses (Wabwire-Mangen et al., 1989; Troye-Blomberg, 1994). The impact of HIV infection on the immune system has led to researches to unravel the clinical implication of any possible interaction between these two infections in areas where they are endemic.
A number of studies in sub-Saharan Africa have reported increased risk of malaria parasitaemia and clinical malaria in HIV-infected populations compared to HIV negative groups (Patnaik et al., 2005; Whitworth et al., 2000; Francesconi et al., 2001 ). Among the HIV-infected patients, it has further been demonstrated that malaria parasite density and clinical malaria episodes have an inverse relationship with the immunological status of the patients as reflected by the CD4 cell count (Francesconi et al., 2001; Laufer et al., 2006; French et al., 2001 ). This emerging evidence is likely to attract additional economic demands to the already overwhelming cost of malaria treatment in the region. Despite the high endemicity of HIV and malaria in Nigeria, there is paucity of data regarding the clinical implication of HIV and malaria interaction in the country. Although increased prevalence of malaria parasitaemia in HIV-infected populations has been documented in few studies (Akinbo et al., 2009; Uneke et al., 2005; Onyenekwe et al., 2007) , clinical malaria was not captured in any of the available reports and nearly all the studies were limited by inability to determine the immunological status of the HIV positive patients. This has created the need for this study which aims to determine the burden of clinical malaria in HIV-infected Nigerians and further investigate the association between the immunological status of HIV-infected patients and the rates of clinical malaria.
Materials and Methods

Study setting and design
The study was carried out at the adult antiretroviral clinic of Jos University Teaching Hospital (JUTH) between August and December, 2009. This tertiary hospital serves as a referral centre to neighbouring states in North-central Nigeria which has the highest burden of HIV/AIDS in the country. The study design was cross sectional.
Case definitions
Malaria parasitaemia (malaria infection) was defined as a positive malaria smear irrespective of the parasite density (Greenwood, 1997); Fever was defined as documented axillary temperature ≥ 37.5 o C or a history of fever within the previous 48 hours of the study (Greenwood, 1997; Francesconi, et al., 2001 ); while Clinical Malaria was defined as having fever (as defined above) and a malaria parasite density above the median value obtained for subjects with co-existing fever and parasitaemia (Francesconi, et al., 2001 ).
Data collection
Consecutive ninety seven (97) antiretroviral treatment-naïve HIV-infected patients who were 18 years and above were recruited. An interviewer-administered questionnaire was used to obtain information on the socio-demographic characteristics of the patients and history that may be suggestive of malaria or opportunistic conditions which would serve as exclusion criteria. A detailed physical examination was carried out. The criteria for exclusion from the study were pregnancy, antiretroviral therapy experience, exposure to antimalarial therapy within one month of the study, patients on co-trimoxazole, patients with clinically obvious opportunistic diseases such as tuberculosis, pneumonia, meningitis, sepsis, gastroenteritis and malignancies as well as those on immunosuppressive therapy such as cytotoxics and steroids. HIV infection was confirmed by western blot assay and CD4 T-lymphocyte count was quantified using flow cytometry (Partec, Germany). Thin and thick blood film microscopy were done for each patient using standard protocols for Giemsa staining for identification of malaria parasites and quantification of parasite density respectively (WHO, 2000)Malaria parasite densities were determined using thick films observed for two hundred leucocytes and reported to an average of 8,000 leucocytes/µL (WHO, 2000) i.e Parasite density (parasites/µL of blood) = mean asexual parasites counted × 8000 number of leucocytes (i.e. 200)
Ethical considerations
The study was approved by the Ethics committee of JUTH. Participation was voluntary and informed consent was obtained from the patients. Confidentiality was ensured. Patients with co-existing fever and malaria parasitaemia were treated with antimalarials at no cost to them.
Statistical methods
Data was analysed using the Epi Info 2005 statistical programme (CDC, Atlanta, Georgia). Means (SD) and proportions were used to describe continuous and categorical variables respectively. The Chi-squared test was used to compare observed differences in proportions while Student t-test was used to assess mean differences. Trend in malaria parasite density was investigated using a linear regression of log 10 transformed data. Logistic regression model was used to determine factors independently associated with clinical malaria. A p-value of <0.05 was considered significant.
Results
Characteristics of the study population
The characteristics of the study subjects are shown in Table 1 . Out of 97 HIV-infected patients recruited, there were 56 females (57.7%) and 41 males (42.3%). The mean age of the participants was 36 ± 9 years. Majority of the participants had some form of formal education (76.3%), and most of them were employed (76.3%). Urban dwellers (55.7%) were more than those residing in rural areas (44.3%). The study participants were fairly distributed across the three CD4 cell categories with a small majority (40.2%) having CD4 cell count of 200-499 cells/L.
Among the study subjects, 38 (39.2%) had fever, 24 (24.7%) had malaria parasitaemia while 15 (15.5%) had both fever and malaria parasitaemia irrespective of parasite density otherwise called febrile parasitaemia. The median parasite density among patients with both fever and parasitaemia was 1,400 parasites/µL and this was adopted as the cut-off parasite density for defining clinical malaria. Out of the 97 patients, 10 (10.3%) fulfilled the clinical malaria case definition. † Clinical malaria was defined as having fever and malaria parasite density > 1,400 parasites/µL which was the median parasite density among patients with co-existing fever and parasitaemia.
Relationship between CD4 cell count and clinical malaria
The relationship between CD4 cell count and various clinical presentations is shown in Table 2 . Lower CD4 cell counts were associated with increasing rates of clinical malaria which was 0% at CD4 cell count of ≥ 500 cells/µL, 2.6% at 200-499 cells/µL and 30% at <200 cells/µL (χ 2 = 18.3, p=0.0001) . On further analysis, lower CD4 cell counts were also associated with increasing rates of febrile parasitaemia which was 3.6% at CD4 cell count of ≥ 500 cells/µL, 5.1 % at 200-499 cells/µL and 40% at <200 cells/µL (χ 2 = 20.0, p<0.0001). There was, however, no difference across the CD4 cell categories in terms of having only fever without parasitaemia (χ 2 = 0.08, p=0.96). Those in rural areas were more likely to have clinical malaria than urban dwellers on univariate analysis (18.6% Vs. 3.7%, χ 2 = 5.7, p=0.02) but this did not attain statistical significance on multivariate analysis (AOR= 4.6, 95% C.I: 0.78-27.03, p=0.09). Clinical malaria was not affected by sex (12.2% in males and 8.9% in females, χ 2 = 0.27, p=0.60) or age (χ 2 = 0.35, p=0.99). The association between low CD4 cell count and clinical malaria remained significant after controlling for other factors in a multivariate analysis (AOR=22.98, 95% C.I: 2.62-20.14, p=0.005) as shown in Table 3 .
Relationship between CD4 cell count and malaria parasite density
As shown in Figure 1 , there was an inverse relationship between CD4 cell count and log 10 parasite density (regression co-efficient= -0.001, p=0.0002). When the data was analysed categorically, patients with CD4 cell count ≥ 500 cells/µL had a median parasite density of 160 (IQR 80-400) parasites/µL compared to 400 (IQR 360-600) parasites/µL for those with CD4 cell count 200-499 cells/µL and 1,600 (IQR 720-2,200) parasites/µL for CD4 cell count <200 cells/µL (p=0.001).
Discussion
Our study showed that 10.3% of the HIV-infected patients had clinical malaria. This is lower than the rates of 24% by Patnaik et al. (2005) in Malawi and 22.6 % by Francesconi et al. (2001) in Uganda. This is likely due to differences in the study populations and cut-off parasite densities for clinical malaria case definition. Although the cut off parasite density of ≥ 2000 parasites/µL used for clinical malaria case definition in Malawi was higher than that of our study (>1,400 parasites/µL), their study involved an absolutely rural population who are known to have a higher burden of malaria than urban dwellers unlike our study where rural dwellers constituted only 44.3% of the participants. The sample size in our study was about three times higher than the number of HIV positive patients recruited in Uganda while the cut off parasite density used for clinical malaria case definition in our study was about two and half times higher than theirs. The diverse median parasite densities in these populations reflect the variable burden of malaria transmission and the differences in the antimalarial immunity of these HIV-infected populations at the time of the studies.
It was demonstrated in our study that advancing HIV-induced immunosuppression was associated with increasing rates of clinical malaria of 0% at CD4 cell count of ≥ 500 cells/µL, 2.6% at 200-499 cells/µL and 30% at <200 cells/µL. Increased risk of clinical malaria at lower CD4 cell counts has similarly been reported in previous studies that investigated the relationship between HIV-induced immunosuppression and clinical malaria in other parts of sub-Saharan Africa ( Higher rates of clinical malaria in these HIV-infected patients residing in malaria endemic regions following advancing immunosuppression can be explained by the impairment in already acquired immune responses to Plasmodium falciparum especially CD4 cell activity and cytokine function leading to defective ability to control parasitaemia which results in higher malaria parasite densities in them (Wabwire-Mangen et al., 1989). In support of this hypothesis, higher malaria parasite densities at lower CD4 cell counts were found in our patients and this has also been reported in other studies (Francesconi et al., 2001; Laufer et al., 2006) . Considering the fact that the risk of fever attributable to malaria parasitaemia in an individual increases as the malaria parasite density rises (Greenwood, 1997; Delfini, 1973) , these severely immunosuppressed patients with higher parasite densities therefore have a higher risk of clinical malaria.
We also considered the fact that HIV-infected patients with severe immunosuppression are more predisposed to opportunistic infections which are potential confounders for clinical malaria. This was why patients with clinically obvious opportunistic conditions such as tuberculosis, pneumonia, meningitis, gastroenteritis, septicaemia and malignancies were excluded from this study. Moreover, the use of a strict criterion employing a cut-off parasite density for malaria case definition is widely recommended to provide a greater positive predictive value in ascribing a febrile illness to malaria in endemic regions where chance finding of parasitaemia in a febrile patient may occur Smith et al., 1995; Schellenberg et al., 1994) . Smith et al. (1994) observed that both the sensitivity and specificity of malaria case definitions are maximized at such cutoff parasite density. Our findings were further strengthened by the fact that low CD4 cell count remained significantly associated with higher rates of clinical malaria after adjusting for other factors including place of residence. In order not to completely discountenance the argument that some patients may have fever attributable to malaria parasites at parasite densities below the cut-off, we also determined the relationship between febrile parasitaemia (i.e co-existing fever and parasitaemia irrespective of parasite density) and CD4 cell count which still showed a significant inverse relationship. Further analysis in our study revealed that there was no difference in the rates of fever across the CD4 cell count groups in the absence of parasitaemia which shows that malaria parasites are responsible for the differences observed across the CD4 cell groups in our patients with clinical malaria and febrile parasitaemia.
Socio-demographic characteristics did not have strong associations with clinical malaria in our HIV-infected patients. Though rural dwellers were more likely to have clinical malaria on univariate analysis, this association did not attain statistical significance on multivariate analysis. Neither sex nor age had any significant association with clinical malaria. The tendency of rural dwellers to suffer from clinical malaria compared to urban residents may be attributable to the higher exposure to mosquito bites in rural communities and the observation that rural dwellers in Nigeria do not often engage in malaria control practices (Oladepo et al., 2010) . In line with our findings, other studies in Nigeria did not demonstrate any age or sex-dependent differences in the burden of malaria among HIV-infected adults (Uneke et al., 2005; Onyenekwe et al., 2007) .
This study was not without limitations. Our inability to quantify antimalarial cytokines such as interferon gamma due to lack of facilities and cost implications made it impossible to assess the impact of HIV infection on the humoral aspect of antimalarial immunity. Exclusion of opportunistic infections on clinical grounds alone could have missed any opportunistic infection that was present but not clinically obvious at the time of the study.
Our study has provided vital local data on clinical malaria in HIV-infected adults and will further improve our understanding of the interaction of HIV and Malaria in Nigeria where both infections are endemic. This revelation justifies the need for aggressive malaria control practices in HIV-infected patients more so in those with severe immunosuppression. Beyond ensuring availability and regular use of insecticide-treated bed nets in HIV positive patients as is applicable in the general population, intermittent presumptive antimalarial chemotherapy as practiced in pregnant women may be considered for HIVinfected patients with severe immunosuppression.
